Abstract. The fluorescence spectral and polarized fluorescence spectral characteristics of normal and lung cancer serum solution whose concentrations are from 0.1% to 4% at the band 360~800 nm induced by 408 nm light are reported. The difference between two types of spectra has been studied. The result shows that the fluorescence intensity of lung cancer serum is stronger than the normal one but the polarization of lung cancer serum is obviously less than that of healthy person under the same concentration. The research will gives reference to the diagnosis of lung cancer.
Introduction
Recently, many techniques have been employed for the studies on the early diagnosis of cancer [1] [2] [3] [4] [5] [6] [7] . Thereinto, researches on human tissue auto-fluorescence based on fluorescent spectrum, a technique known as high sensitivity, have made a certain progress [8] [9] [10] . However, the study on the polarization of human tissues is rare. This paper provide the difference between normal human and lung cancer patients in contrast to polarized fluorescence spectra of normal and lung cancer serum.
Experimental Samples and Methods
Using the Steady State Fluorescence Spectrometer System (Type FLS900 steady-state/transient time-resolved Fluorescence Spectrometer) produced by Edinburgh Instruments Companies in UK, the real-time fluorescence measurements were collected, analyzed and exported by software.
Experimental samples.4 ml of intravenous fasting blood from each subject, normal human or lung cancer patient, was drawn into test tube, gently shook for even mixing of 5% heparin as anticoagulant and centrifuged at 5000 rpm for 10 min one hour later [11] . Then the supernatant was absorbed into different test tube and diluted into appropriate concentration by physiological saline water (Concentration of 4%, 2%, 1%, 0.8%, 0.5%, 0.1%).
Experimental methods.2ml normal serum sample was put into a quartz cuvette (QC), and 2ml lung cancer serum sample in another QC. The fluorescence spectra of normal and lung cancer serum from 360 to 800 nm were scanned by 408 nm light with 1 nm scan step. A polarizer was placed between the sample and light source and an analyzer was between the sample and spectrograph. The parallel static polarized fluorescence spectra of the normal and lung cancer serum were scanned when the polarizer and analyzer were parallel and the perpendicular static polarized fluorescence were scanned when the polarizer and analyzer were crossed [12] . The whole experiments were performed at room temperature.
Experimental Results and Analysis
Comparison of fluorescence spectra between normal and lung cancer serum.The fluorescence spectra of normal serum from 450 to 600 nm with concentration from 0.1% to 4% are shown in Figure 1 . The fluorescence spectra of lung cancer serum from 450 to 600 nm with concentration from 0.1% to 4% are shown in Figure 2 .
It is shown from Figure 1 and Figure 2 that both of the fluorescence spectra have two peaks which locate at the wavelength of 472 nm and 508 nm and one valley between the peaks. The value of peaks are increasing with the increment of serum concentration which appears more obviously near the wavelength of 472 nm than 508 nm where peak reduces gradually until disappear with the decreasing of serum concentration. Therefore, the fluorescence spectra near the wavelength of 472 nm are chosen to discuss.
To make the results more intuitive, the comparison of fluorescence spectra of 1% serum solution from normal human and lung cancer patients at the wavelength of 472 nm are shown in Figure 3 . Figure 3 illustrates that the wavelength where the peak of normal fluorescence spectra located is similar to that of lung cancer, but the light intensity at the peak of lung cancer serum is close to two times of that of normal serum. Figure 4 shows the comparison of the peak intensity of fluorescence spectra between normal and lung cancer serum. Figure 4 shows that the peak intensity of lung cancer serum is stronger than normal serum under the same concentration and the growth rate of the light intensity of lung cancer is obviously faster than normal serum. Therefore, the higher concentration of serum is, the greater intensity ratio of lung cancer and normal serum becomes.
Comparison of polarized fluorescence spectra between normal and lung cancer serum. Figure 5 is polarized fluorescence spectra of 0.8% normal serum after smoothing. Figure 6 is polarized fluorescence spectra of 0.8% lung cancer serum after smoothing. In Figure 5 and Figure 6 , line 1 and line 2 are respectively achieved when the polarizer and analyzer are parallel and crossed. Analyzing Figure 5 and Figure 6 , when two polarizers are parallel, it can be seen that the trend of polarized fluorescence spectra of normal and lung cancer serum are both similar to the unpolarized fluorescence spectra whose peaks are near the wavelength of 472 nm and 508 nm. And near the wavelength of 472 nm, the intensity of peak is relatively stronger. When the polarizer and analyzer were crossed, only the peak at the wavelength of 472 nm is obvious and the fluorescence intensity is obviously weaker than the parallel one. According to the fluorescence intensity, with the polarization formula P=（I // -I˔)/（I // +I˔), we can get that the polarization degree of normal serum is 0.6774 and that of lung cancer serum is 0.5284. Table 1 and Table 2 show polarization degrees of normal and lung cancer serum with different concentrations. In the range of 0.1% to 4%, polarization degree is increasing with the decreasing of the serum concentration. Figure 7 shows the comparison of the polarization degree of normal and lung cancer serum. It can be seen in Figure 6 and Figure 7 that the polarization degree of lung cancer serum is obviously less than normal serum under the same concentration. 
Conclusion
In summary, this paper presented the fluorescence spectral and polarized fluorescence spectral characteristic of normal and lung cancer serum, it showed that the peak intensity of lung cancer serum fluorescence spectra is stronger than normal serum at the wavelength of 472 nm under the same concentration, and the growth rate of the light intensity of lung cancer serum is significantly faster than normal serum. The polarization degree of normal serum and lung cancer serum is increasing with the decreasing of the serum concentration, but the polarization degree of lung cancer serum is obviously less than the normal serum. This conclusion can provide the reference value for the early diagnosis of lung cancer.
